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EFFEOT OF A TPJILING-DGE EXTENSION ON THE

CHARACTERISTICS OF A PROPEIUR SEOTIOH

By Theodore Theodorsen and George W. Stickle

SUMMARY

A conmnient technicai me~od Is presented to
evaluate ohawea in the airfoil characteristics resulting
from w ~xtensim of the chord et the trailing edge of a
propsllar bled-esection. The method detemines the
change in the angie of zero lift, the ideal angle of
attack, and the difference In these angles (upon which .
the design lift coefficient depends) as a function of the
an@e snd leng”a of the trail.hg-edge extension. The
tmatm:lt is based directly upon t!!ethin-airfoil theory
and Is ~h.usconcerned Gnly with the mean camber llne of
the s?~tton. Zxalr@.e3-d dstailq~ computations are
giver,fiG~llustratw tkm application of the method. The
methct.is applicable to all propalier sect!ons and is
short enough to permit use in practical design.

INTRODUOTION

A j’latsheet of metal is sometimes attached to the
trailing edge of a propeller blade in order to increase
the propeller solid~$y for a given blade design. The
additton of the flat sheet on the trailing edge of the
propeller blade changes the characteristics of the blade .
section. The new characteristics are dependent upon
the angle of the extension, the length of the extension,
and the original airfoil section. The problem of
(ietermlnlngthe angle at wblch the -sheet.shoul.dbe added
and the eff’ectof tlhisangle on the angle of zero:llft,the
ideal angle of attack, and the design llft coefficient
is We subject of this paper.

,
The ideal angle of attack 18 defined as the angle

at which the front stagnation point 1s at the leading
edge of the airfoil. The design lift ooefftolent is
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defined as the lift coefficlont of’the airfoil when set
at the ideal angle of attack. If the destgn lift coeffi.-
clent, so defined, corresponds to the operating condltlon
of the propeller section, the alrfoll section has a
camber that gives it the highest crltioal.speed (best
pressure distrlbutlon) obtainable for the operating
condltton with the csmbor and thickness Mstributlon
which define the airfoil.

A relative change In the angles of zero Hft of the
airfoil sections along the propeller radius in eff’ect
changes the p:.tchdistribution of the propeller. The
angle of the trailing-edge extension thus permits some
selectlon cf the pitch distribution of t.% propeller.
TMs report shows how this ef~ect may bs evaluated.

The method of this report is based on the concept
of the emsmlnatlon of the mean camber line from thtn-
alrtoll theory of reference 1. The method has been
chec~ed for accuracy with the more complete but more
di~f~~~t meth~ds of referen~~s 2 ~d 3 ~d found to
be in good agreement for tkLh sections as usad on
propeller ‘clades.

=Par?m9atal data on airfoil section llft coef~l-
clents as a funstion of angle of attack are generally
usad In arralyzhg propeller operation. Since experi-
mental data for alrfoll sections with extended flaps
are not available, theoretloal calculations must be
used In analyzing propeller operation with trailing-
edge extension flaps. Experimental and theoretical
values of lift coefficient as a function of angle of
attack r&~ely are in perfect agreement. %.e discrep-
ancy increases with airfoil section camber and thickness
and makes it difficult to compare results when theo-
retical =d experimental values are used together. For
this reason the difference in the airfoil characteristics
between the or:ginal and the extended airfoil s6ctlons
are used in the application of the results of this report
to propeller analysis.

METHOD OF ANALYSIS “

Calculation of the sngle of’zero llft, the ideal
angle of attack, and the desi$n Mft coefficient Is
based on the exarnlnatlonof tliemean camber llne of the
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aitifollsection. The method 1S adapted from referenoe 1,
which gims a discussion of lts theoretical background

;. and validity. The presenb paper applies the solution
., to the particular problem of extended flaps on airfoil
~“ seotlons and presents the method in a form that makes
t., it easily applicable to this speciflo problem. The

l’.

steps in theprocedure are as follows:

(1) Ohta’??nthe ordinate 7 at an abaclaaa x of’the

1“ camber llne of the”alrfoll fr!fia line joluln~ the ends‘.
. of the oamter llne.

I1
f (2) Calculate the function P

1’ p = “+-3
1
c (3) Calculate E for the nose1:

from

(1)

of the airfoil:

r J
0.0125 ~

c~=-+ :(2X-+ px
0.0125 0

(2)

The first term of equation (2) ?-aintegrated graphically.
The second tens, which may be denoted as ACN or

1 J“
0.0125

=-
X4- d

(3)
‘0

1may be evaluated, however, if the tezm 1 - x “Is taken
equal to unitY. Thla substitution causes an error of
O-y 0.6
0.2 of 1

,“

(k)

of l-percent In the AeN temn or approximately
percent in ~N. men,

J

0.01.25
ACN = $ z-

o x3/2

. ..— -.
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An approximate gquatlon for the part of the camber
line from x = O to x = 0.0125 may be written in the fozm
of

r= Cx-bx 2

where c Is th9 slope of the camber
and b 2s a constant that will make

line at x = O,
the ordinate at

.x = 0.0125 equal to the y ordinate of tilec~mber
ltne, (See fig. 1.)

It may be shown that the integral of equation
is equal to

whers xl and y~ are the values of x and y at the
common limlt of the graphical and analytical Integration.
The value of’ x at wh?-chthe graphical integration is “
stcppad and the analytical begun may be anywkera in the

.mragfm cf x = 0.0125. Wtienextension flaps are added,
the most convenient value 13 less than x = 0.0125.

(k) Calculate C
the ss~e manner as 6N
xbyl-x:

1

s

0.9875

cT=~
o

(5) The angle of

for the tall of the section !n
is calculated by rsnlacing

P

J

1
~dx++

P
~dx (6)

1 1
0.9875

zero lift In degrees Is given by

(7)

(6) The Ideal ~ngle of attack In degrees is given

(7) The difference between al. and al is the
angle upon which the design lift coefficient depends.
If the slope of the lift curve a is known for the
section, the design lift coeff’ioientmay be calculated by

(9)CL1 (
=aaI- azo)“
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As was explained in the Mtroductlon, thesa com-
putations are most accurate-fcrvalues to be used In
comparism or the origznal and the extended airfoil
sactions. If used in this manner, the computations
give an accurate picture of the chanfjein the operating
conditions of’the propeller sections when any an@e or
length of extension Zs used.

The metkmd for two represent~tive examples is @ven
in the appendix and computations for four examples are
given in tables I to IV. The examples are for an
NACA 16-series airfoil section and a“Clark Y airfoil sec-
tion. me N_XA 16-series section has a design lift coef-
ficient of 0.5 and, since only the mean camber line is
employed in the calculations, is designated 16-5.n, which
applies to un airfoil”of zero or any other tih-ickness.

Tl:%XJLTSAND DIS!XKSION

Computations hava been made for an NAC1 16-5:x air-
foil sectim witn an extension of’20 parcent of the chord.
The results are Given in fl~wre 2 as a function OF the
angle of extonslou measured from a straight line joining
the ecds of’the :necncamber line cd’the original airfoil.
Tinean~le of zero lift, the idea.Lan310 of attack, and
the dii’lerencebetween the two a~les of the originel
alrfo~.1are shown in figure 2.1 The an~le of extension
would have to be 9.7° to mako the an le of zero lift .

fequal to that ot the orl~ind airf’oi, 13.5° to keep
the ideal angle of attack unchanged, and 8 to make
the difference between the two angles the ssme, which
would Mean equal design lift coefficients for the

1It is inherent in the method that these calculated
angles are measured from a straight line joining the
extremities of’the mean canbor line of the extended air-
foil section. If it is desired to refer these anglea to
the camber line of’the origtnal airi’oilsect!on, the “
following formula gives the angular difference al

between the two reference lines:

( )Extension length s“in(Angle of extension)
Chord

tsn-lq =
tension lenRth

Chord
co9 (Angle of’extension)

. . .. . .
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origlnel aml extended eirfoils. If the angle of
extension Is ude 13.20 so that the Ideal angle of
etteck rem.ins unohanged, breekaway of the flow at 10V
lift coefilcients might be encountered.

Flgw?e 3 gives the results for P.20-gercent extension
on a Clerk Y eirf’ollof’1,83-percent oember, which corre-
sponds to a stmdard Clcwk Y section of 6-percent
thiolmess. The angle of the extension that gives
characteristics equivalent to the original elrfoil Is
seen to be gre~tly reduaed over that of figure 2 beceuse
of the smell mount of’caniberfor the orlginel airfoil.

The results ~re shown In figure 4 f’ora 20-peroent
extension on P Clark Y e.irfollof S.ug-peroent-csmber,
which corresponds to a standerd Clark Y section of
approximately 18-percent thic-sss or to a double
cambered Clerk Y section of thinner section with a
design lift coefficient between 0“,6Pnd 0.7. These
results were calculated to Investigate the effect of
cember alone.

The results for n 40-peroent extension on e.
CIPrkY e.1rfoi.1of 5.*g-percent c~mber are presented
In figur9 5. The ~ilgl~ of the extension to maintein
the srma design lift coefficient ~s the basic airfoil
Is approxim~tely the same for bGth the 20- mad the
40-percent extensions.

Figure 6 shows a oomprrison of the u~o and the

UI - %0 curves for the four conditions Investigated.

It may be observed thet the slopes of the al ourves
o

are Fll approximately equ~l et a value of 0.35° per
degree of the angle of the extension. The reason for
this condition c.snbe seen from examination of eque-
tions (6) end (7) along with figures 7 end 8. The velue
of al Is defined by CT, end from figure 8 it cen

o
be seen that the tmillng edge of the airfoil is the
dominating factor In determining CT. The ~ - a~

o
ourves ere seen to veug more in slope ”then the az

o
CUI?VLS. Camber of the orlglnel airfoil section merely
shifts the velue of azo for a given extension engle.
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~ The iength of the extension has the
-. c#mber.–

extended

7

same effect as
The longer theextenslon the”less oeniberthe
airfoil-has for a given angle.

CONCLUSIONS

A convenient technloal method
to eveluate”chmges In”the airfoil
resulti~ from an extension of the
edge of’a propeller blede section.

has been presented
ch~aoteristics
ohord e.tthe tralllng
The method determines

th~ change-in-the.mgle of zero lift, the Ideal angle of
e.tteek,snd the difference In these angles (upon which
the design lift ooefficlent depends) as a funotion of
the engle and length of the trailing edge extension end
permits the ~djustment of the angle of the extension of
the chord to comply with any requirements regardtig the
angle of zero lift or the design lift coefficient.

It WPS found that for the ceses considered the
chwmcterlstics obtsined by this short method were
actually in perfect c-greementwith deta c~lcule.tedby
the exect method of the crbitrc~ airfoil th30ry.
This agreement is, of cmrso, not necessarily true
for tkiuk sections or exzreme c~ses of’curvature ne~
the extremities of the chord. On Ehe other hand, for
norm~l oases the method is sufficiently acourate for
all techntcal purposes.

Lengley Memorial Aeronautical Labor@,tory
National Advisory Committee for Aeronautlos

Langley Field, Va.

J

. .

J



—— .— —.—
I

8 NACA ACR .~Oe I@21

APPENDIX

COMPUTATIONS illDETAIL

Tables I and II contain the detatled computations
for an NACA 16-5xx alrfoll seotion for the original air-
foil and for the airfoil extended 20 percent. Tables III
and IV contain the detailed computations for a standard
6-percent-thick Clark Y airfoil with and without an
exte~ded trailing edge of’20 percent. Table V gives the
camber ordinates for NACA 16-series airfoil sections
and table VI,the camber ordinates for Clark Y sections.

Eqch step in obtain~.ngthe results for the
NACA lb-5XX mctiua without trailing-edge extension is
explatned in detail for table 1. The steps that are
different because the airfoil is extended are explained
for table II.

ExaiiPle I - Characteristics of NACA 16-5xx Airfoil

(2)

(3)

(4)

(5)

(6)

(7)

8.

numbers in parentheses refer to column nwubers
I.

By use of table V, select values of x to be
used.

Sribtract values of x from unity.

Multiply (1) by (2).

Take square root of (3).

Obtain ordinate of mean oamber line from
table Vby multiplying values in table Vby
thedesign lift coefficient of 0.5 and convert
to fractions instead of peroent.

.

Divide (5) by (k).

Divide (6) by (l).

Plot (7) against (1) between the valueEIof
x = 0.0125 ~d X = 0.95 and extend the
Curm to x = 1.0 as shown in figure 7.
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9. Jhtegrate with a planlmeter between t@e lhlts
Ofx= 0.0125 - x = 1.0. .

.lO= Calculate AtH from equation (5) :

A.qJ =
2

n .+
T[ ,1

; (Cxl - ~)
m xl

wk.en
xl = 0.0125 . “
Y1 = O.0026S
c =“o.62231+ x 0.5 = 0.31117

then

AEN = --l~m (O.00268 + O.00081)
●

= 0.0199

11. Calculate c~ from equation (2) and tie results
of steps 9 and 10: ..

J’
1

‘N=+ “$dx-A~N
0.0125

or
0.18526N=-W - “o. o~99

= -0.0789

12. Since the NACA 16-5xx airfoil has a symmetrical
camber line,

13. From equation (7) calculate angle of zero lift

azo:

al. = ‘5?*3~T. -.

= -57.3 (0.~789)

~. From equation (8) oaloulate,the ideal angle of
attack aI: ‘

itr‘. -28.6 (CT + ~N)
=. 00
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15. Calculate the dlfferenoe

‘I - azo =0+

NACA ACR HO. 4121

ar - ale:

4Jj2

= 4.52°

Example II - Characteristics of NACA 16-5xx Airfoil

with 20-Percent

Calculations are presented
of the NACA 16-5x.xairfoil with
set at an angle of 7.38° to the

Extension

for the characteristics
a 20-percent extension
line joining the ends

of the mean &mber ilne. This angle is eqfil to the
angle fomed by a straight line drawn through the y
ordfnate at 90 percent of the ohord and the end of the
mean camber ”line.

The
In table

(1)

(2)

(3)

(4)

(5)

(6)

7.

8.

nranbersin parentheses refer to column numbers
II.

Select values of x2 (abclssa of airfoil with
extended additions).

Obtain values of y
R

from table I (ordinate
of’airfoil with e tended additions).

Compute

where

Add (2)

Convert

Convert

Ay frcm

Ay = X2
“2T ~

Y2 IS the ordinate y2 at X2 = 1.2.

andT(5).

(4) to unit chord by dividing by 1.20

(1) to unit chord by dlvlding by 1.2.

Add a station at x = 0.9875. The y ordinate
is obtained by proportion since the extension
Is a straight line.

When the coordinates of the mean camber line
are obtained from the base of a straight line
joining the ends of the mean camber line of’
the extended alrfoll, the example proceeds
in the same manner as example I until ~N Is
obtained.
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. . . . . ~. TABLE I.--‘CALCULATIONS’FOR NACA 16-5xx“~AIRFOn

(1) (2) (3) (4) (5) (6) {7)-. .,.

1“ x X(l-x) JZli I – ~= P/x
x

1 “0) (1)x (2) w
Y

fx(l - x)
(5 )/(4) (0/(1)A

o “ 1.-m. ‘o” ‘o -u
.0125 .9875 .0123 .1109 .0027 O.oag 1.936

.05 ● 95 ● 0475 ●2179 .0079 .0363 .726

,10 .90 .0900 .3000 .0129 .ol@l .431

,20 .80 .1600 .4000 .0199 .ci+98 .&9

.30 .70 .2100 .!+583 ,0243 .0530 ● 177

.40 .60 .a+oo .4899 .0268 .0547 .137

.50 .50 .2500 .5000 .0276 ● 0552 .110

.60 .40 .d+oo .4899 .0268 ● 0547 9091

.70 .30 .2100 .4583 .0243 .0530 .076

.80 .20 .1600 .4000 ● 0199 . d+98 .062

.90 .10 .0900 .3000 .0129 .0431 .c48

.95 ●O5 . Q475 .2179 .0079 .0363 .038

1.00 0 0 0 0

CN = -0.0789 azo = -4.520
?r= 0.0789 ~1 = 0° al - alo = 4.52°

b.~.. --. %..l -.. ., .%, ..!, . . . -..

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



TABLE II.- CAWLATIONSFURNACA16-5xxAIRFOXLWITHZO-PERCEMTTRAILING-EMEEXTENSION

(1) (2) (3) (4) (5) (6) (7) (8) (9) (,10) (11) (12)

X2

Ay = r1 -x X(l - x)

1- (6; (6) X (7)

.0022
I

.01-1
2221

.0126
. ooh3 .0 .0202 I :WI:M

.0259 I 0

0 0 0 0 0 0 1● 0000 0
.0125 .0027 .0003 .0030 .0025 .0104 .98 6
.05 ,0079 .0011 .0090 .0075 8● 0417 .95 3 ;$%
.10 .0129
.20

2
.0
.0 %U :00%

.02 6 .0108
:2: z.02 8 .0129
.70 .02J+3
.90

.0151
.0199 .0172

.90 .0129
0!!!

.019
● 95 .0079 .02

1.OO 0 .0216
1.10 -.0129 .0237

1.20 -.0259

● 0295
.0320
.0331
.0328
.0309
.0269
.0257
.0180
● 0090
.Oolb

o 1

.2222
;$;;

1?.2 31
.2222
.1875

!4
.16 9
.13
.076
.012!

o

~m] ;=

J7m
~vj : *
(5)/(9)(10)/(6)(10)/(7)

o
.1015 0:024;

!!
2.65 0.025

.2000 ● 99

CN=-0.0871 al o = -3.69° a~-alo=~.340 .

CT
= 0.0644

‘I
= 0.65°

aext
= 7.3(Y’

‘.039
●547 .0 0
,32

z
2●O5

.2
h

.07
?,09

;;56 .111
.132

z
.12

.1
%

.10
*o
8

.1

!

::7
~i
:2 0

.0

.03 ~:~;

.013 .

z
>
cl
>

z
o
.

r
IP
w
N
w

NATIONAL ADVISORY
COMb!ITTEEFOR AERONAUTICS
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TABLEIII.- OALOUMTIOHSFORCLARKYAIRFOILWITH ls8341EROFdlT C~

OORRESPOMDIHG TO fJTAhRD 6-PER(MWT THIOK CLARK Y AIRFOIL

.

(1) (2) (3) (4) (5) (6) (7) (8)

1 -x X(l- x) ~ “
x

1- (1)(1)x (2) m ‘ & [& ,-,
(5)/(4)

o 1.00 0 0 0 “

.0125 .98+ .012s ● 1109 .001.5 0.0135 1.@o 0.014

●a .95 ● 0475 .217g .0056 ● 0257 .514 .027

● 10 .90 ● 0900 .3000 .0096 .(M2O . 2J20 .0s6

● 20 .80 ● 1.6oo . Wtxl .0148 .CwO .185 .046

.30 .70 .2100 ● 458s ● 0174 .OaO .127 ● 054

.40 .60 .2400 ● 4899 .0183 ● 0374 ● 094 .062

.50 .50 .2500 .5000 .0178 .0356 .071 . on

.60 .40 .2400 ● 4899 .0161 .0329 ● C55 .082

.70 .30 .2100 .4583 ● 01s2 .0288 .041 .0$6

.80 .20 .1600 .4000 .0096 ● 0240 .ow .120

.90 ● 10 .0900 ● moo ● Oml . .0170 ● 019 .170

.95 .= .0475 .2179 .0026 ● Ollg ● Ols .2s8

● 9875 ● 0125 .012s .1109 .0w7 .Ooa .006 ● 504

1.00 0 0 0 0

cm= -0.0481 at.9 -1.8”@
0.031.8 % o “ 2“-0- at

CT= az - 0.4P

EATIOMAL ADVIWRY
OOMMITTE F’CRAERONAUTICS



(1) (2)

-..

TABLE IV.- CALCULATIONS FUR CLARK Y AIRFOIL ;VITR1.83-FERCENT CAMBER ?-
0

AND A 20-FERCENT TRAILING-EDGE EXTENSION Y

z

(3) (k) (5) (6) (7) (8) (9) (lo) (11) (12). . . . .-. .,. . . . ..-

Ay=

()
Y’ x 1 -x X(I - .x) ~v) ‘= ~ p

X2

‘2 72 -Y2 —
T 1,2

(2) + (3) ~
Q..l ~ - (6) (6) X (7) ~ A (10);(6) (1:);(;)0.0102 1.2 1.2

‘2 (5)/(9)
1,2

o 0 0 0 0 0 0
.0125 .001

z
.0001 .0016

:!% 0:$$ $? :%1

.1015 0.0128 1.231 0.013
.05 .005 ● Ood+ .0060 .2000 .0250 .600 .026
.10 ,00 6

f?
.0009 .0105 ;2;$ .031

i
.378 .0 b

.20 .01 8 .001
1

.0165 ● 0137 .1667 ● 333
2

.1 89
?

.221 O&
.0
1

.01 4

i

.002 .0200 .0167 .2500 ● 500
1

,1 75 :%6
:$$

.154 :LYjl
.0 .01 3

d
.004 .0217 .0181

ill
667 .2222 ; C)3;4 .115 .058

j; .0178 .0 3 .0221 .0194 : 32; :5833 ;p;;
J?

.090 .Od+
.0161

2
.0 1 .0212 ●O17 .5000 . 000

z
z t t

● 000
t

.035 ,071
.01 2 .01 0 .83 . 167 ::76

:: : :;% :%! $ u
.2 31 .0324

:$?J J
.6

.01 .0137 .67 .3333 ● 2222 .02 1 & z.0 7
.90 .0051 .00 7

(J
.012 .0107 .7500 .2500 .1875 ●O 7 :03

i
; ;g

/!3 0.0026 .0 1 .0089 ● 91 .2083 .16 9

z
:%:; u k

.4061 .0219 .02
.008 .0071 ● 33 .1667 .13 .3727

1:10 .?
.0191

J
.02 .11

-.0051 .009 ● 0043 z.0036 .9167 .0833 .076 .2764 .0130
:%4 :: b.004 ~.!3:3 0.Q125 0*0123 .1109 .0036

1.20 -.0102 .0102 0 0 ● o

CN= -o. d+90 al~ = -1.590 aI - a~o= 2.20°
CT= 0.0278 61 = 0.61° a = 2m90

ext

o

NATIOHiiLADVISORY
COMMIITEE FQR AERO17AWICS
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TABLE V.~ CAMBER-LINE ORDINATES FOR

16

THE 16-sERIm AIRF’OIL SEOTIONS

&11 tialues measured In percent chord timn.chord line;
lift coefficient, 1.6J

Station

o“

1.25

2.5

5

7*5

10

i5

20

25

30

40

50

60

70

80

90 \

95

100

Ordinate.

o

.535

.930 ““

1.580

2.120

2.587

3.364

3.982

49475

4.861

5.356

5.516

5.356 .

4.861

3.982

2.587

1.580

0

slope

0.62234

● 34771

.291s5

.23432

● 19993

.174.86

.138*

.11032

.08743

.06743

.03227

0

.03227

.06743 “

.11032

.17486

,23432

..62234

NATIONAL ADVISORY “
COMMITTEE FOR AERONAUTICS
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NAOA ACR No. L@l ~ 17

TABLE VI.- MEAN-CAMBER“AND THIOXNESS ORDSNATES FOR

l?Al!XLYOF AXl?O?OIISi3A9EDUPON CL4RK Y SECTIO19

[All values are given.In peroent of wing ohoti]

Statfon
-1

0

1.25

2.5

5

““ 7.5

10

15

20

30

40

50

60

70

80

90

95

100

Eean-camberordinate

“o

.0822 “

.1597

.3040

.4189 “ ,

.5185

.6812

.8062

.9457

1.0000

.9732

.8778

.7223

.5207

.2785

.435

0

. Semithiolmess

o

.1504

.2150

,2979

.3513

.3923

●45Q4

9484.2

.5000

.4872

.4.496

.3910

. 3U

.2231

.ll~

.0637

0

L.E. radius: c).Oogt% T.E. radlu$ 0.005ti.

.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

.— .—— .- —— ..
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c, slope through origin

NATIONALADVISORY
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.4 ‘ Y= y~ + ; (cx~ - Yl) \
A

Slope through origl~ /
●3 ‘

I

.2 Cxl

Camber line.1

n .~ v v
-o .oo~

x
.010

Figure 1.- Calculationof AtN for x = O to x = 0.012s.
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NACA ACR No. L4121 Figs. 2,3
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